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ABSTRACT
A large portion of herpetofauna species are declining as a result of anthropogenic
influences such as habitat destruction and climate change, and turtles are no exception. Studying
demographics of turtle populations in a wide variety of settings could help establish a baseline
for future species management because demographics such as survival and movement are
essential to understanding the ecology of a species. We conducted a long-term mark-recapture
study on painted turtles (Chrysemys picta) in a permanent pond in the Nebraska Sandhills to
exam population size, survival, and movement of an aquatic turtle as drought conditions changed
in a water-limited system. The population size ranged from 92 (CI: 90 – 94) to 180 (CI: 175 –
186). A robust design analysis indicated that there is strong evidence that drought has a
significant influence on survival in both male and female turtles. The top model estimated that
survival was reduced by 7.1% in females and 10.1% in males during drought years. We also
estimated that the temporary emigration rate was 19% (CI = 15.5% - 23.1%), indicating that
about 1/5 of the super-population of painted turtles is outside the study pond at any given time.
Our results indicate that drought negatively affects the survival of painted turtles even if a pond
retains water throughout the drought period. Further study is necessary to determine the
mechanism controlling this effect of drought on turtle survival.

Key Words: Chrysemys picta; demographics; drought; mark-recapture, painted turtle;
population size; super-population; survival; temporary emigration; fisheries and wildlife
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INTRODUCTION
Demographics of a population such as survival and movement are essential to
understanding the ecology of a species and how it might respond to human-caused disturbances
such as climate change. Reptiles and amphibians are no exception. 43.2% of all amphibian
species are experiencing population declines, and 1/3 of those species are classified as globally
threatened (Stuart et al. 2004). Additionally, it is estimated that reptile populations have declined
by 55% globally since 1970 (Saha et al. 2018). There are many cases where this decline is due to
human-induced changes in demographics. After human recreation was introduced to a wildlife
reserve in Connecticut, the mean age of the North American wood turtle (Clemmys insculpta)
population increased while the population size decreased until no turtles could be found by the
end of the study (Garber and Burger 1995). Conversion of longleaf pine savanna to bedded slash
pine plantation in Florida was believed to be the cause of reduced migration and larval survival
of flatwoods salamander (Ambystoma cingulatum), resulting in drastic population declines
(Means et al. 1996). According to Pounds et al. (1999), increased sea surface temperatures near
Costa Rica that led to increased air temperatures and changes in mist frequency of the highland
forests was partially responsible for the decline of the cloud forest anole (Norops tropidolepis),
the montane anole (N. altae), and the endemic golden toad (Bufo periglenes) because the shift in
climate caused demographic changes .
Drought has been observed to influence of herpetofauna demographics, especially
freshwater turtle movement, survival, and reproduction (Roe et al. 2011, Bowne et al. 2006,
McAuliffe 1978). Understanding this effect will become increasingly more important since
droughts are predicted to increase in response to climate change in some regions (Bathke et al.
2014). One study observed that drought and drying of aquatic habitats caused Pseudemys scripta
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and Pseudemys floridana to emigrate and lay fewer eggs while Sternotherus odoratus and
Deirochely reticularia produced fewer eggs and did not move (Gibbons et al. 1993). Blanding’s
turtles (Emydoidae blandingii) demonstrated space use shifts between years that experienced
drought and years that did not (Anthonysamy et al. 2013). Chessman (2011) conducted a study in
Australia that suggested drought was in some part responsible for the decline of both eastern
snake-necked turtles (Chelodina longicollis) and Murray turtles (Emydura macquarii) due to the
loss of temporary water bodies. Drought reduced the distance traveled between ponds during a
study in southern Arizona on Sonoran mud turtles (Kinosternon sonoriense) (Hall and Steidl
2007). Spotted turtles (Clemmys guttata) in Michigan did not move at all in response to drought,
but rather they went into periods of estivation and only began moving again if rainfall was
sufficient (Rowe et al. 2013).
The painted turtle (Chrysemys picta) is an ideal species for understanding the response of
turtle demographics to climatic changes because it is widespread across North America and wellstudied; therefore, the natural population fluctuation can be separated from those caused by
anthropogenic sources. The first major studies of the painted turtle began in the late 1960s and
early 1970s. These established the baseline for the species’ ecology. According to Ernst (1971),
they exhibit an annual activity cycle where they are most active between May and September,
hibernating during the winter months. Ten degrees Celsius is the minimum water temperature
required to be active, and the species does not begin feed until water temperatures reach 20℃.
Nesting generally occurs between June and July with the mean number of eggs per clutch being
4.73. Between 2% and 50% of eggs in a clutch develop (Ernst 1971, Gibbons 1968). Of those
surviving juveniles, around 50% reach 15 years of age (Gibbons 1968).
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Population size and survivorship of painted turtles have been studied extensively
throughout the eastern half of the United States and demonstrate how variable these parameters
can be depending on location. In Pennsylvania, the density of painted turtles was estimated to be
239 turtles per acre (Ernst 1971). Around that same time, a population in Michigan was
determined to have a density of 233 turtles per acre, and a population in New York was found to
have a density of 9 to 11 turtles per acre (Gibbons 1968, Bayless 1975). Frazer et al. (1991)
returned to the same population in Michigan that was studied by Gibbons (1968) and found that
the density had increased by 1.5. As for annual survival, the Frazer et al. (1991) study had male
survival estimates that were as low as 64 – 83% and female survival that was as low as was 29 –
50%. Other studies have documented survival with wide ranges of 54.2 – 97.5% for male painted
turtles and 85.7 – 100% for female turtles or stable ranges around 94 – 96% for both sexes
(Mitchell 1988, Zweifel 1989). This clearly demonstrates how variable this parameter can be
depending on the population being studied.
Movement of painted turtles between populations is also variable among studies. For
example, Ernst (1971) found that turtles demonstrated mass movement from hibernation ponds
in the spring to outlying ponds where important plant species grew and then returned to
hibernation ponds in the fall in Pennsylvania. A study conducted in Nebraska found the same
trends of emigration from the main pond in the spring, which was related to pond water level
cycles in the study area (McAuliffe 1978). At Blandy Experimental Farm in Virginia, 46% of the
population moved among the ponds being studied (Bowne et al. 2006). In river populations of
painted turtles, between 81% and 83% of the population moved more than 500 meters
(MacCulloch and Secoy 1983). On the other hand, little movement was seen in some
populations. Bayless (1975) estimated immigration into the study site to be around 10% and to

5

have little influence on population size over time. Some studies found that sex and
environmental conditions had a large influence on movement between ponds while other studies
found no correlation between movement and characteristics such as sex, age, and size (Bowne et
al. 2006, House et al. 2010). For the studies that observed movement, the longest over-land
movement of painted turtles was 3.3 km, and the farthest movement in one day in a river
ecosystem was 6.5 km (Bowne et al. 2006, MacCulloch and Secoy 1983).
While a significant amount of studies has been conducted on the population sizes,
survival, and movement of painted turtles, they mainly focus on an area with abundant water
sources located relatively close together rather than landscapes where water is more limited such
as the Nebraska Sandhills (Ernst 1971, McAuliffe 1978, Bowne et al. 2006, MacCulloch and
Secoy 1983, House et al. 2010). None have assessed areas where water is limiting, and other
water sources are farther apart than turtles have been documented traveling terrestrially (Bowne
et al. 2006). Additionally, many previous studies have looked at the eastern portion of the
painted turtle population and have failed to exam the difference that the western portion of the
population may demonstrate.
In this study, we conducted a mark-recapture study on a population of painted turtles
located on the edge of the Nebraska Sandhills as drought conditions changed over 12 years. Our
three objectives were 1) to determine population size over time and the factors that influence it,
2) determine annual survival over time and the factors that influence it, and 3) assess the amount
of movement in and out of the pond over time and the factors that influence it. Our work
provides an understanding of painted turtle demographics in the Sandhills and sets a baseline for
comparison for future studies on responses to climate change such as increased drought or any
other anthropogenic disturbances. It also expands the understanding of how the Sandhills, a
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habitat where water is more limiting, affect this widespread species in comparison to other, more
studied ecosystems.

METHODS
Study Area
Our study was conducted at a 0.36 ha pond located in a privately-owned field used
primarily for cattle grazing, 6 km north of the University of Nebraska-Lincoln Cedar Point
Biological Station. The study site is on the border between the southwestern portion of the
Nebraska Sandhills and shortgrass prairie ecoregion near Lake McConaughy. The pond is filled
year-round, and the center of the pond is between 2 and 3 meters deep continuously. Annual
precipitation for the region ranges from 30 to 43cm, and the area is dominated by Calamovilfa
longifolia, Stipa comata, Bouteloua gracilis, Bouteloua hirsuta, and Andropogon scoparius
(Barnes & Harrison 1982, Keeler et al. 1980). Lake McConaughy is located 5.7 km away from
the pond, while the Platte River is 5.3 km away.
Data Collection
From 2005 to 2016 excluding 2009, mark-recapture data was collected on painted turtles
in the pond. The capture period ranged from 3 to 26 days between May and July. Each year, ten
basking traps were evenly distributed around the perimeter of the pond, anchored to the shore,
and three hoop nets were baited with sardines and distributed throughout the pond. We set both
types of traps in the afternoon each day and checked them the next morning.
Upon capture, we examined all turtles for identifying marks including scute drill marks,
where a unique code of holes is drilled into marginal carapace scutes, or passive integrated
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transponder (PIT) tags to determine if they had been previously caught (Frazer et al. 1991).
Unmarked turtles were marked using both methods upon capture. We recorded sex using
secondary sexual characteristics including elongated front claws and a cloacal opening located
posterior to shell edge to designate males (Ernst et al. 2009). If individuals were too small to be
classified as male or female, they were recorded as a juvenile and classified later if recaptured.
After data was collected, we released the turtles at the capture site.
Statistical Analysis
We used 3 different types of analyses to evaluate the data from this study, First, we
estimated turtle population size (N̂), capture probability (p) and recapture probability (c) for the
pond using a closed capture analysis in program Mark. Four models that varied with time and
recapture probability were created for each year of the study. We used Akaike’s Information
Criterion corrected for small sample size (AICc) to rank competing models according to fit and
complexity. The models with the smallest AICc value was chosen unless it contained inestimable
parameters. We compared the population size estimates to annual mean drought conditions using
data from NOAA’s Palmer Hydrological Drought Index (PHDI) records for the North Central
climate division of Nebraska. Using a linear regression, we tested to see if there was a correlation
between population size and either the current-year or previous-year drought conditions.
Painted turtle survival was estimated for the pond using the live recapture: CJS model in
program MARK. This was an estimate of apparent survival (Φ) because mortality could not be
separated from permanent emigration in the CJS models (Powell and Gale 2015). We created 12
total models including a combination of time-specific and sex-specific models for both capture
and survival probabilities. The model with the smallest AICc value was chosen. Then we were
able to compare survival with population size using a linear regression to test for a density-
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dependent effect on survival for males and females. We also compared the probability of
survival to annual mean drought conditions using PHDI records. We used linear regression with
a p-value less than 0.05 to determine if there was a correlation between the average PHDI value
for the current year and the previous year and the probability of survival for females and males.
We estimated true survival and emigration of turtles found the pond using a robust design
analysis from the RMark package. These models provided estimates for population size (N), true
survival (S), capture probability (p), recapture probability (c), and temporary emigration (γ' and
γ''), which is the likelihood an individual will leave the study population (γ'') and remain outside
the study population (γ'). Based on preliminary results from the closed capture analysis, capture
and recapture probability were assumed equal for this turtle population, eliminating one variable
to be tested in these models. We created 80 models that were a combination of effects of drought
and sex for survival, cloud cover and sex for capture probability, and drought and sex for
temporary emigration (γ' = γ'' was assumed for all models). We acquired cloud cover data from
NOAA’s National Centers for Environmental Information Local Climatological Data tool at the
North Platte Regional Airport station for each day the turtles were trapped. Days that were
predominately classified as broken clouds, overcast, or obscured sky between 12:00 and 19:00
were designated as cloudy days; otherwise, trap days were categorized as sunny. Annual drought
data was taken from PHDI records again. We used the smallest AICc value to determine the top
model. Once we had population size estimates, we were able to estimate density. With the
population size and emigration estimates from the top model, we calculated the super-population
size, which is the number of individuals that use the study pond as well as the surrounding
landscape during the study, using the delta method to combine confidence intervals (Powell
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2007). The super-population and variance estimates for male and female were calculated using
the following:

𝑁𝑠𝑝 =

𝑁
1−γ

2
1 2
𝑁
) + 𝑣𝑎𝑟(γ) (
)
𝑣𝑎𝑟(𝑁𝑠𝑝 ) = 𝑣𝑎𝑟(𝑁) (
(1 − γ)2
1−γ

The overall super-population and variance were calculated using the following:
𝑁𝑠𝑝_𝑡𝑜𝑡𝑎𝑙 = 𝑁𝑠𝑝_𝑚𝑎𝑙𝑒 + 𝑁𝑠𝑝_𝑓𝑒𝑚𝑎𝑙𝑒
𝑣𝑎𝑟(𝑁𝑠𝑝_𝑡𝑜𝑡𝑎𝑙 ) = 𝑣𝑎𝑟(𝑁𝑠𝑝_𝑚𝑎𝑙𝑒 ) + 𝑣𝑎𝑟(𝑁𝑠𝑝_𝑓𝑒𝑚𝑎𝑙𝑒 )

RESULTS
During this 12-year study, we had a total of 2,431 capture observations of painted turtles
over 93 trap days, and 358 of those were unique captures (153 males, 190 females, 15 juveniles).
85.3% (n = 2073) of observations were recaptures. The most turtles (n = 103) were captured
during 2006, likely as a result of a longer trapping period, while the least (n = 30) were caught in
2012.
Closed Capture Analysis
The top model for population size that was most common among the years studied was
structured so that the probability of capture (p) and the probability of recapture (c) were equal
and both p and c varied with day: p(t)=c(t). This was the highest-ranked model for every year
except 2008 and 2012. During those years, the highest-ranked model was structured so that
probability of capture (p) and probability of recapture (c) were equal and both p and c had a fixed
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time constant: p(.)=c(.) (Table 1). Population estimates (N) varied from 87 (CI: 72 – 117) in
2012 to 186 (CI: 186 – 186) in 2006 throughout the 12-year study (Figure 1). When we
compared population estimates to PHDI values, we could not conclude that there was a
correlation between current-year or previous-year drought and population size (Figure 2, P =
0.83 and Figure 3, P = 0.77 respectively).
CJS Analysis
The top model based on AICc scores was structured so that apparent survival (Φ) varied
with both time and sex while capture probability varied with time: Φ(t, g) p(t). The top two
models both had Φ varying with time and sex, and they carried almost 100% of model weights
(WAIC) (Table 2). The null model Φ(.) p(.) was ranked last. The top model estimated that
apparent survival for female painted turtles ranged from 81.1% (CI = 57.2% - 93.3%) to 100%
(CI = 99.9% - 100%) during our study. The period with the highest survival was between 2008
and 2010, while the period with the lowest survival was between 2006 and 2007. Apparent
survival estimates for males ranged from 69.3% (CI = 56.0% - 80.2%) to 100% (CI = 99.9% 100%) with the highest survival being between 2010 and 2011 and the lowest survival between
2005 and 2006 (Figure 4). Linear regression showed no evidence that survival is density
dependence for males or females (Figure 5, P = 0.53 and Figure 6, P = 0.71 respectively). There
was also no evidence that drought as measured by the PHDI index, both current-year and
previous-year, influences apparent survival for either sex (current-year’s drought: Figure 7, male
P = 0.68, Figure 8, female P = 0.70; previous-year’s drought: Figure 9, male P = 0.21, Figure 10,
female P = 0.48).
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Robust Design
Our robust design analysis created 80 models total. The highest-ranking model was S
(drought + sex) γ''(.) = γ'(.) p(.) = c(.) f0 (year) where WAIC = 0.23. This model had true survival
(S) varying with both drought conditions and sex of turtles while temporary emigration (γ' and
γ'') was constant and probability of capture (p) and recapture (c) were equal and constant. We
chose this model because it was the highest ranking based on the AICc value, it had the fewest
parameters (16) of the top models, and the parameters that varied in the other 2 top models did
not show a statistically significant difference in estimates (Table 3). The second ranked model S
(drought + sex) γ''(drought) = γ'(drought) p(.) = c(.) f0 (year) has γ varying by drought, but there
was no significant difference between γ value estimates (Figure 11). The third ranked model S
(drought + sex) γ''(sex) = γ'(sex) p(.) = c(.) f0 (year) has γ varying by sex, but there was no
significant difference between γ values for males and females (Figure 12). Some patterns we
noticed with the models were that the top 11 models had S varying with sex and drought and the
top 4 models had p as a constant. The first 16 models carry 90% of the WAIC. The null model
ranked fourth to last: S (.) γ''(.) = γ'(.) p(.) = c(.) f0 (year) [K = 14, AICc = 7104.88, ΔAICc =
216.81, WAIC = 0.0, deviance = 10077.97]. The most complicated model ranked in the middle: S
(drought + sex) γ''(sex + drought) = γ'(sex + drought) p(sunny_cloudy + sex) = c(sunny_cloudy +
sex) f0 (year) [K = 20, AICc = 6895.49, ΔAICc = 7.42, WAIC = 0.0057, deviance = 9856.41].
The highest-ranking model’s estimates for annual survival (S) for females during nondrought years was 93.4% (CI = 90.8% - 95.3%) and drought years was 86.3% (CI = 81.3% 90.1%) while the estimates for S for males during non-drought years was 89.7% (CI = 85.7% 92.7%) and drought years was 79.6% (CI = 73.0% - 84.9%). There was strong evidence that
there is a difference between survival during drought years and non-drought years for both
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females and males, but there is no significant difference for survival between the sexes during
either condition (Figure 13, Figure 14, Figure 15, and Figure 16). The model estimated
temporary emigration (γ) as 19.0% (CI = 15.5% - 23.1%) for the entire population during the
study. The pond population estimates (N) ranged from 92 (CI: 90 – 94) to 181 (CI: 175 – 186)
(Figure 17). Using N and γ, we calculated the lowest super-population estimates to be 113 (CI =
109.67 - 118.15) in 2008 and the highest super-population estimates to be 223 (CI = 211.04 235.83) in 2016 (Figure 18).

DISCUSSION
Population Size
We used two different approaches to estimate the yearly population size for a single
population of painted turtles in the Nebraska Sandhills. The robust design analysis estimated a
higher study pond population size 73% (mean difference = 18.7) of the time in comparison to the
closed capture analysis, and it gave more precise estimates with smaller confidence intervals than
the simpler closed capture model. The robust design was also able to provide an estimate of the
size of the super-population for the surrounding area, which the other model was not capable of.
Our pond had a density ranging from 256 to 503 turtles/ha from 2005 to 2016. This is an average
value for painted turtle density compared to other populations since previous studies have found
densities ranging from 22 turtles/ha in a 3 ha pond in New York to 827 turtles/ha in a marsh with
5.7 ha of open water in Michigan (Ernst 1971, Bayless 1975, Mitchell 1988, Zweifel 1989,
Frazer et al. 1991). We found no evidence from the closed capture estimates that drought or any
other factors had an influence on population size. Populations were both high and low during
drought years. This may be because changes in demographics like survival for long-lived, high
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survival species like turtles need more time to be reflected in population size (Mitchell et al.
2016). However, density almost doubled during the study period, so if it is not being influenced
by survival, then it is likely being controlled by movement in and out of the pond (γ).
Survival
We used two different types of models to also predict yearly survival: a CJS analysis and
a robust design analysis. We had different values each year from the CJS model while we did not
use a time-specific model for the robust design; years were only designated as drought or nondrought for that analysis. The robust design model had more precise estimates with smaller
confidence intervals than the CJS model. Both model types indicated there was some evidence
that sex had an influence on turtle survival with females generally having higher annual survival,
but the 95% CI for both types of analyses overlapped. The robust design analysis shows that
there was a negative drought effect on survival while the CJS analysis estimates could not be
linked to drought data using linear regression.
The robust design annual survival estimates, which should be a more accurate
representation of true survival, were 86.3% - 93.4% for females and 79.6% - 89.7% for males.
This is higher than Frazer et al. (1991) painted turtle survival estimates, which were 29% - 50%
for females and 64% - 83% for males in a population in Michigan. Zweifel (1989) had a much
wider range of survival for adult males (54.2% – 97.5%) and females (85.7% – 100%) on Long
Island, New York than our estimates. Otherwise, Mitchell (1988) and Iverson and Smith (1993)
showed that survival is high for adult painted turtles, generally at or above about 90%, which is
similar to our study population during non-drought years. Our survival estimates are only for
adult painted turtles. Juvenile survival is assumed to be significantly lower than adult survival,
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but it could not be estimated due to the inability to trap juveniles with the capture methods used
during this study (Frazer et al. 1991).
Our model selection process indicated that there may be a 4 – 5% difference in survival
between the sexes, but the 95% CI for our estimates overlapped. A longer study on this pond is
necessary to possibly show a significant difference in survival between the two sexes and what
mechanism might control that. Our robust design model also showed a difference in survival
between drought and non-drought years that was significant, estimating survival was reduced by
7.1% in females and 10.1% in males. Linderman and Rabe (1990) studied a painted turtle
population in a Washington lake that dried completely 2 years in a row and showed a population
loss of 80%. They assumed a portion of this loss was due to death and not emigration based on a
large amount of predation evidence found around the lake. Few other studies have looked at
painted turtle survival in response to drought conditions. Instead, previous studies have focused
on movement in response to drought. Reduction in survival in response to drought was seen in a
pond turtle (Actinemys marmorata) population in California, but the ponds also dried up
completely during the study (Purcell et al. 2017). We are the first to demonstrate the effect of
drought on survival in a permanent pond system. Our study was not designed to determine the
mechanism behind the reduction in survival during drought years. Further study is needed to
identify the cause of this reduction.
Movement
Our robust design model was also able to estimate the amount of temporary emigration
occurring out of the pond, which was 19%. Therefore, about 1/5 of the population that could use
the pond during the study was somewhere else on the landscape each year. This was higher than
we expected because most other water sources within 4 km are smaller ponds than the study
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pond or cattle tank overflow ponds. There is a stream about 2.5 km away that may be used by
painted turtles to reach the rest of the landscape. Bowne et al (2006) documented the average
distance traveled by emigrating painted turtles in Virginia as 2.4 km with 3.3 km as the
maximum distance recorded. The stream is the only other major water sources in our study site
within the distance painted turtles have been recorded traveling over land. Other significant
water sources including Lake Ogallala and the Platte river are over 5 km away from the study
pond and presumably unreachable by overland movement.
However, this is less movement than other populations that have been studied. Painted
turtle populations studied in eastern Nebraska and Pennsylvania experienced mass emigration in
the spring (Ernst 1971, McAuliffe 1978). Bowne (2006) recorded 46% of painted turtles
captured moving among the ponds studied in Virginia. Reduced movement in our population
may be the result of fewer bodies of water on the landscape in comparison to these other studies.
Additionally, our top model did not find an effect of drought on movement. Many studies have
documented significant amounts of emigration out of ponds that dry completely during droughts
for both painted turtles and other aquatic turtle species (Cash and Holberton 2005, Gibbons et al.
1983, Bowne et al. 2006, McAuliffe 1978). This appears to indicate that most aquatic turtle
populations will only emigrate to other ponds in situations of extreme water reduction as
opposed to other resource limitations such as food or space that may result from drought
conditions, but further study is necessary. Determining what is controlling this movement is
important because our study indicated that temporary emigration plays an integral role in pond
density.

16

Conclusion
While there is more to learn about the mechanisms controlling the demographics of this
painted turtle population in the Nebraska Sandhills, our study is a baseline to compare possible
future demographic changes for this species. This may be particularly important as climate
change alters drought frequency in Nebraska. Severe multi-year droughts could have detrimental
effects on this species through reduced survival even if populations are large and stable and
permanent water sources are still available.

APPENDIX
Table 1. The top model for painted turtle population size estimates for a population near
Ogallala, NE from 2005 to 2016 using a closed capture analysis in program MARK for each year
studied, based on the smallest AICc value.
Year

Model Selected

N

SE

95% CI

2005

p(t)=c(t)

144.528507

10.338507

129.32 - 171.12

2006

p(t)=c(t)

186

0.00E+00

186 - 186

2007

p(t)=c(t)

141.103

3.6452601

136.27 - 151.385

2008

p(.)=c(.)

111.97

6.1910942

103.17 - 128.39

2010

p(t)=c(t)

99.262

19.238152

74.816 - 155.470

2011

p(t)=c(t)

135.36

16.343557

112.236 - 178.884

2012

p(.)=c(.)

86.671

10.990861

71.876 - 117.243

2013

p(t)=c(t)

104.57

13.653429

86.013 - 142.24

2014

p(t)=c(t)

104.37

7.223

94.38 - 123.99

2015

p(t)=c(t)

97.215

6.3213006

88.758 - 114.891

2016

p(t)=c(t)

165.35

8.5791654

152.52 - 187.09
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Table 2. Ranking of all models created with live recapture: CJS analysis in program MARK
based on the smallest AICc value for a painted turtle population near Ogallala, NE from 2005 to
2016.
Models
Φ(t, g) p(t)

K
29

ΔAICc
0

WAIC
0.98

Deviance
712.52

Φ(t, g) p(t,g)

28

8.01

0.02

701.12

Φ(.) p(t)

11

15.13

>0.01

765.32

Φ(g) p(t, g)

22

15.82

>0.01

743.16

Φ(t) p(t)

19

16.33

>0.01

749.96

Φ(t) p(t, g)

29

23.76

>0.01

736.28

Φ(t, g) p(g)

22

101.49

0.00

828.84

Φ(g) p(.)

3

111.17

0.00

877.62

Φ(g) p(g)

4

111.96

0.00

879.39

Φ(t) p(.)

11

114.52

0.00

864.70

Φ(.) p(g)

3

116.22

0.00

882.67

Φ(.) p(.)

2

116.73

0.00

885.20
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Table 3. Top 16 models with 90% of the WAIC created by the robust design analysis for a painted
turtle population near Ogallala, NE from 2005 to 2016. Model 1 was selected as the top model
based on the AICc value and parsimony. For all models, the follow is true: γ'' = γ' and p = c.
Sixty-four models not shown.
Model

K

AICc

ΔAICc

WAIC

Deviance

1

S (drought + sex) γ''(.) p(.) f0 (year)

16

6888.069

0

0.234

9857.112

2

S (drought + sex) γ'' (drought) p (.) f0 (year)

17

6889.519

1.450119

0.113

9856.534

3

S (drought + sex) γ'' (sex) p (.) f0 (year)

17

6890.017

1.948119

0.0883

9857.032

4

S (drought + sex) γ'' (.) p (sex) f0 (year)

17

6890.086

2.016819

0.0853

9857.101

5

S (drought + sex) γ'' (.) p (sunny_cloudy) f0 (year)

17

6890.097

2.027919

0.0848

9857.112

6

S (drought + sex) γ'' (sex + drought) p (.) f0 (year)

18

6891.498

3.429141

0.0421

9856.483

7

S (drought + sex) γ'' (drought) p (sunny_cloudy) f0 (year)

18

6891.548

3.479541

0.0410

9856.533

8

S (drought + sex) γ'' (drought) p (sex) f0 (year)

18

6891.592

3.523241

0.0402

9856.577

9

S (drought + sex) γ'' (sex) p (sunny_cloudy) f0 (year)

18

6892.047

3.977841

0.0320

9857.031

10

S (drought + sex) γ'' (sex) p (sex) f0 (year)

18

6892.07

4.000841

0.0316

9857.054

11

S (drought + sex) γ'' (.) p (sunny_cloudy + sex) f0 (year)

18

6892.164

4.095641

0.0302

9857.149

12

S (drought) γ'' (.) p (.) f0 (year)

15

6893.027

4.958081

0.0196

9864.097

13

S (drought + sex) γ'' (sex + drought) p (sunny_cloudy) f0 (year)

19

6893.476

5.407467

0.0157

9856.429

14

S (drought + sex) γ'' (sex + drought) p (sex) f0 (year)

19

6893.504

5.435567

0.0154

9856.457

15

S (drought + sex) γ'' (drought) p (sunny_cloudy + sex) f0 (year)

19

6893.571

5.502667

0.0149

9856.524

16

S (drought + sex) γ'' (sex) p (sunny_cloudy + sex) f0 (year)

19

6894.053

5.983867

0.0117

9857.005

Model
Rank
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Painted Turtle Population Estimates
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Figure 1. Closed capture analysis population size estimates in our study pond for a painted turtle
population near Ogallala, NE from 2005 to 2016.

Painted Turtle Population Size in Response to
Current-year Drought Conditions
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Figure 2. Linear regression between population size and current-year drought conditions
represented by PHDI values for a painted turtle population near Ogallala, NE from 2005 to 2016.
Negative values indicate severity of drought (R2 = 0.01, P = 0.83).
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Painted Turtle Population Size in Response to
Previous-year Drought Conditions
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Figure 3. Linear regression between population size and previous-year drought conditions
represented by PHDI values for a painted turtle population near Ogallala, NE from 2005 to 2016
(R2 = 0.01, P = 0.77).
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Figure 4. Annual apparent survival for males and females during each year of the study for a
painted turtle population near Ogallala, NE from 2005 to 2016.
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Painted Turtle Male Survival in Response to Population
Size
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Figure 5. Linear regression between annual apparent male survival and population size for a
painted turtle population near Ogallala, NE from 2005 to 2016 (R2 = 0.05, P = 0.53).

Painted Turtle Female Survival in Response to
Population Size
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Figure 6. Linear regression between annual apparent female survival and population size for a
painted turtle population near Ogallala, NE from 2005 to 2016 (R2 = 0.02, P = 0.71).
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Painted Turtle Male Survival in Response to Currentyear Drought Conditions
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Figure 7. Linear regression between apparent male survival and current-year drought conditions
for a painted turtle population near Ogallala, NE from 2005 to 2016 (R2 = 0.02, P = 0.68).

Painted Turtle Female Survival in Response to
Current-year Drought Conditions
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Figure 8. Linear regression between apparent female survival and current-year drought
conditions for a painted turtle population near Ogallala, NE from 2005 to 2016 (R2 = 0.02, P =
0.70).

23

Painted Turtle Male Survival in Response to
Previous-year Drought Conditions
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Figure 9. Linear regression between apparent male survival and previous-year drought conditions
for a painted turtle population near Ogallala, NE from 2005 to 2016 (R2 = 0.19, P = 0.21).
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Figure 10. Linear regression between apparent female survival and previous-year drought
conditions for a painted turtle population near Ogallala, NE from 2005 to 2016 (R2 = 0.07, P =
0.48).
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Figure 11. Comparison of temporary emigration values (γ) between drought and non-drought
years from model 2 for a painted turtle population near Ogallala, NE from 2005 to 2016.

Figure 12. Comparison of temporary emigration values (γ'') between males and females from
model 3 for a painted turtle population near Ogallala, NE from 2005 to 2016.
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Figure 13. Comparison of true survival of females between drought and non-drought years from
model 1 for a painted turtle population near Ogallala, NE from 2005 to 2016.

Figure 14. Comparison of true survival of males between drought and non-drought years from
model 1 for a painted turtle population near Ogallala, NE from 2005 to 2016.
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Figure 15. Comparison of true survival between females and males during non-drought years
from model 1 for a painted turtle population near Ogallala, NE from 2005 to 2016.

Figure 16. Comparison of true survival between females and males during drought years from
model 1 for a painted turtle population near Ogallala, NE from 2005 to 2016.
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Pond Population Estimates for Painted Turtles
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Figure 17. Robust design analysis population size estimates in the study pond for a painted turtle
population near Ogallala, NE from 2005 to 2016.
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Figure 18. Painted turtle super-population estimates for each year of the study near Ogallala, NE
from 2005 to 2016.
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